SUMMARY The aim of this study was to measure the role of the duodenal loop in biliopancreatic secretion in man by infusing various stimuli at the ampulla of Vater and collecting duodenal contents at the ligament of Treitz, above an occluding balloon. Perfusion at 10 mVmin of a first mixture of aminoacids -phenylalanine (47.2 mmol), methionine (38.2 mmol), tryptophan (11 mmol), valine (61-6 mmol) -increased cholecystokinin (CCK) plasma concentrations and duodenal bile salt output (p<O.005) as compared with a control electrolyte solution, but did not change pancreatic enzyme secretion significantly; duodenal infusion of another aminoacid mixture -arginine (32.4 mmol), histidine (14.1 mmol), leucine (36 mmol), isoleucine (21-5 mmol), lysine (31 mmol), threonine (23 mmol) -did not change CCK plasma concentrations, bile salt or pancreatic enzyme output. The respective role of duodenal distension and endogenous CCK was investigated by perfusing the first aminoacid solution and the control solution at 2, 5, and 10 ml/min. Changing the perfusion rate of control solution from 2 to 5 mImin led to a significant increase (p<0O01) in pancreatic secretion with no further increase at 10 ml/min. Bile salt output was not influenced by the perfusion rate of control solution. During the perfusion of the aminoacid solution, despite a stepwise increase in CCK release, the only significant change in pancreatic secretion was an increase of lipase output (p<005) when the infusion rate was raised from 2 to 5 mllmin. Our results suggest that duodenal CCK release (1) depends on the nature of aminoacids (2) has a predominant role in the regulation of pancreatic secretion at low perfusion rate but is less effective when superimposed on a mechanical stimulus caused by duodenal distension (3) is a major stimulus for gall bladder contraction which is not influenced by duodenal distension.
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Infusion of aminoacids (AA) intraduodenally stimulates pancreatic enzyme secretion and gall bladder contraction. ' ' These effects are mediated by hormonal (essentially cholecystokinin (CCK) release) and neural pathways.'' It is accepted that stimulation of pancreatic enzyme production depends on the length of small intestine exposed to nutrients' but it has also been shown in man that, when a meal was infused into the stomach, the gastroduodenal segment was sufficient to elicit the entire postprandial enzyme output, with the more distal bowel not modifying this output in any way. 4 The role of the duodenal loop itself in biliopancreatic secretion has never been directly assessed in man but it was reported in canine experiments that perfusing the proximal 10 cm of intestine with phenylalanine did not induce any pancreatic secretory response. ' The aim of this work was to evaluate the role of the duodenal loop, separated from the rest of the bowel by a balloon, in biliopancreatic secretion in man. Therefore we investigated (1) the effect of infusing into the duodenum two different mixtures of AA on CCK release and biliopancreatic secretion; (2) the respective role of duodenal distension and CCK in the control of biliopancreatic secretion by perfusing intraduodenally the AA mixture shown to release CCK and a control electrolyte solution at increasing infusion rates. AA period (75 minutes) was preceded and followed by a C period (90 minutes); the order of perfusion of the two AA solutions was randomised. Steady state conditions (as assessed by C'4-PEG 3600 concentrations) were achieved after 15 minutes) in all subjects. Lipase, chymotrypsin, bile salts and C'4-PEG 3600 concentrations were measured in duodenal aspirates. For each subject values obtained during the three C periods were averaged.
Main study (study 2) In this study biliopancreatic secretion in response to selective duodenal perfusion with C and AA1 solutions at increasing rates (2 ml/min, 5 mllmin, 10 ml/min) was assessed in seven subjects over a twoday experiment. The duodenum was perfused with C solution during one day and AA1 solution during the other day in a randomised order. Each test day consisted of the following periods: 2 ml/min (120 min), 5 (Table 3) . Likewise there was no significant influence of duodenal perfusion rates on CCK plasma levels (Table 3) . Gastric reflux occurred only at a perfusion rate of 10 ml/min and averaged 8±2%. AA1 solution: as shown on Figure 5 changing the duodenal perfusion rate from 2 to 5 ml/min caused a significant increase in lipase output but no significant change in chymotrypsin secretion. When the perfusion rate was switched to 10 ml/min there was no significant further increase in pancreatic enzyme outputs. Bile salt outputs were respectively ([imol/ min) 17.9 (3.5), 18-9 (5.3), and 8-7 (3.9) at infusion rates of 2, 5, and 10 ml/min. The lower value observed at 10 m/min was likely to be caused by the rupture of the enterohepatic cycle caused by the initial part of the protocol. Finally CCK plasma concentrations increased significantly in parallel to the infusion rates (Fig. 6) of C. For chymotrypsin this difference was significant at infusion rates of 2, 5, and 10 mllmin with a 4.34, 1.98, and 1*75 fold increase respectively (Fig. 7) . For lipase the difference between AA1 and C solution was only significant at 2 ml/min representing a 2.38 fold increase of secretion (Fig. 7) . Bile salt outputs were much higher with AA1 (given in the previous paragraph) than with C solution (Table 3) at infusion rates of 2 ml/min (15 fold increase) and 5 ml/min (4.3 fold increase) but the difference was smaller at 10 ml/ min merely reflecting a previous depletion of the bile salt pool. Finally plasma CCK concentrations were significantly higher during AA1 (Fig. 6 ) than during C (Table 2 ) infusion at any rate; the difference increased in parallel with the infusion rate with a 1.27 (p<0025), 2*4 (p<04025), and 3.14 (p<0.0005) fold increase at 2, 5, and 10 mImin respectively.
Discussion
The pancreatic response to a meal can be divided into three phases: cephalic, gastric, and intestinal and results from a complex interplay of both hormonal and neural pathways. There is much evidence to suggest that the duodenal loop itself is prevalent in the control of the intestinal phase although its specific role has never been assessed in man. We measured biliopancreatic secretion in response to stimulation of the duodenal loop, using an occlusive balloon at the ligament of Treitz, and in the absence of significant duodenogastric reflux. Our results clearly showed that the stimulation of a 25 cm segment below the papilla is able to release CCK in response to chemical stimuli and to induce biliopancreatic secretion in response to mechanical or chemical stimuli. Although the jejunoileal segment possesses mechanisms able to influence pancreatic exocrine function, Miller et al showed that the control of human postprandial pancreatic secretion is a function of the gastroduodenal region.4 Because the best understood role for the stomach in regulating pancreatic secretion is as a determinant of the rate of gastric emptying of chyme into the intestine, this study suggests that the duodenal loop could play a major role within the gastroduodenal segment.
Although CCK has been recognised to play a predominant role in the intestinal phase of pancreatic secretion, recent observations emphasise the import- observed a frank increase of pancreatic enzyme output on switching the infusion rate of the saline solution from 2 to 5 ml/min. As the order of magnitude of this change was similar to those observed when the whole intestine was perfused, '5 16 it is likely that volume receptors are mainly located in the duodenum. A further increase of the perfusion rate (from 5 to 10 ml/min) induced a minor and non significant increment of enzyme production suggest- 16 Increasing the infusion rate of AA1 solution caused a stepwise increase of CCK release but affected much less enzyme outputs, the only significant change being an increase of lipase output when the infusion rate was raised from 2 to 5 ml/min. Although pancreatic secretion and changes in plasma CCK concentrations have been correlated in man after intravenous administration of CCK, the data concerning the endogenous release of CCK are scarce. A few studies demonstrated a significant correlation between CCK release and pancreatic secretion but at variance with our protocol the nutrients were infused in the jejunum.17-'9
Our results give further insights into the interplay between the mechanical and chemical stimuli of pancreatic enzyme response: at low perfusion rates (2 ml/min) the superimposition of the chemical (AA) to the mechanical (distension) stimulus strongly stimulated the secretion of both pancreatic enzymes and bile salts. At higher infusion rates (5 and 10 m/min) the effect of replacement of the electrolytes by the AA1 solution on enzyme secretion was blurred despite a steady increment of CCK plasma concentrations. At the rate of 2 ml/min the response to saline infusion represented respectively 42 and 23% of the secretion of lipase and chymotrypsin triggered by AA1 infusion. The corresponding figures were of 69% and 51% at 5 ml/min and of 68% and 57% at 10 ml/min. This suggests that CCK is less effective to stimulate enzyme production when superimposed on a mechanical stimulus.
The AA1 solution strongly stimulated bile salt duodenal output in both the preliminary study (infusion rate: 10 mUmin) and the main study, at infusion rates of 2 and 5 ml/min. In the latter study, bile salt output diminished during the last experimental period (infusion of AA1 solution at 10 mUmin). This may have been due to the interruption of the enterohepatic cycle caused by total aspiration of duodenal contents at the angle of Treitz during the preceding 210 minutes. The aminoacid induced gall bladder contraction was most probably mediated by CCK. Interestingly enough, increasing perfusion rates of the saline solution did not 
